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INTEGRATED CIRCUIT DEVICES INCLUDING A RESISTOR PATTERN AND 
METHODS FOR MANUFACTURING THE SAME 

RELATED APPLICATION 
This application claims priority from Korean Application No. 
2001-15717, filed March 26, 2001, the disclosure of which is hereby incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 
The present invention relates to integrated circuit devices and methods for 
manufacturing the same. 

Various integrated circuit devices, including semiconductor memory devices 
such as DRAMs, include a resistor pattern. For example, a resistor pattern may be 
5 provided having a resistance chosen to control a signal transmission characteristic of 
the integrated circuit device. The resistor pattern may be formed, for example, using a 
polysilicon layer having a specific resistance of thousands of microohms (jaQ) per 
centimeter (cm) (j*Q«cm). 

The resistor pattern for a semiconductor memory device, such as a DRAM, 
10 may be formed in a circuit including a capacitor. The resistor pattern may be formed 
by patterning an upper capacitor electrode material layer and a doped polysilicon 
layer, which are sequentially stacked on a substrate of the device, using a single mask 
before a metal conductive line is formed. Such an approach may be used as it is 
generally relatively easy to control a thickness, of the polysilicon layer to control the 
1 5 resistance value of the resistor pattern. Furthermore, the resistor pattern is typically 
formed after a high temperature heating process that also may affect the resistance 
value of the resistor pattern. 
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However, a problem may arise where the upper capacitor electrode is a low 
resistance material, such as a material having a specific resistance of several jiQ^cm 
up to hundreds of jiQ«cm. Examples of such materials include ruthenium (Ru), 
platinum (Pt), and the like. Where such a material is present, its low resistivity 
5 characteristics may limit the ability to provide a desired resistance value for the 
resistor pattern. To form a resistor pattern having a desired resistance value, the 
resistor pattern may have to be formed with a relatively thin thickness or with a 
relatively long length to provide a desired resistance given the low specific, resistance 
of the material. Therefore, it is generally not possible to simultaneously form such an 

10 upper capacitor electrode and a polysilicon layer providing sufficient resistance. 

An example of a resistor pattern for use in a conventional semiconductor 
memory device will now be described with reference to the cross-sectional view of 
FIG. 1. As shown in FIG. 1, an upper capacitor electrode 11, having a relatively low 
resistance value, is formed on a semiconductor substrate 10. A doped polysilicon 

1 5 layer 12 is formed on the other side of the upper capacitor electrode 1 1 . The 

polysilicon layer 12 can have a structure including a barrier metal of, for example, 
titanium nitride (TiN). As discussed above, the upper capacitor electrode 1 1 may be, 
for example, Ru or Pt. Thus, the resistor pattern in such a configuration may have the 
following structure: Ru/polysilicon, Pt/polysilicon, Ru/TiN/polysilcon, and/or 

20 Pt/TiN/polysilicon. 

In such a conventional resistor pattern, because the doped polysilicon layer 12 
. is formed on an upper capacitor electrode 1 1 that has a relatively low resistance value 
(compared to the doped polysilicon layer 12), an electrical current passing through the 
resistor pattern may substantially flow to the upper capacitor electrode 1 1 because of 

25 its relatively low resistance value. Thus, the ability to increase the resistance value of 
the resistor pattern based on the resisistivity of the higher resistance value polysilicon 
layer 12 may be very limited. To avoid this problem, the doped polysilicon layer is 
generally not formed using the same mask as used to form the lower resistivity upper 
capacitor electrode 11.. 
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SUMMARY OF THE INVENTION 
Embodiments of the present invention include methods for forming an 
integrated circuit device including a resistor pattern having a desired resistance value. 
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A low resistive layer is formed on an integrated circuit substrate. An insulating layer 
is formed on the low resistive layer opposite the integrated circuit substrate. A high 
resistive layer, which may have a specific resistance of at least about a hundred 
uf>cm, is formed on the insulating layer opposite the low resistive layer. The low 
5 resistive layer, the insulating layer and the high resistive layer define the resistor 
pattern in a region of the integrated circuit substrate. 

In other embodiments of the present invention, the integrated circuit device is 
an integrated circuit memory device including a capacitor and wherein the step of 
forming a low resistive layer comprises concurrently forming the low resistive layer 
10 denning the resistor pattern in the region of the integrated circuit substrate and 
forming an upper capacitor electrode of the capacitor in a different region of the 
integrated circuit substrate, wherein the low resistive layer defining the resistor pattern 
and the upper capacitor electrode are formed of the same material. 

The low resistive layer may be at least one of ruthenium (Ru), platinum (Pt), 
1 5 RuO z , Ir, Ir0 2 , W, aluminum (Al), Cu, titanium nitride (TiN), tantalum nitride (TaN) 
and/or WN and the high resistive layer may be a doped polysilicon. The insulating 
layer may be at least one of SiC>2, Ta 2 O s , A1 2 0 3 and/or Si 3 N 4 . 

In further embodiments of the present invention, at least one of a source and/or 
a drain is formed in a cell region of the integrated circuit memory device between the 
20 region of the integrated circuit substrate including the resistor pattern and the different 
region of the integrated circuit substrate including the capacitor. A first metal contact, 
having a first depth, may be formed to the upper capacitor electrode and a second 
metal contact, having a second depth different from the first depth, may be formed to 
the high resistive layer of the resistor pattern. A titanium nitride (TiN) layer may be 
25 formed between me low resistive layer and the insulating layer. 

In other embodiments of the present invention, methods are provided for 
forming an integrated circuit device including a resistor pattern having a desired 
resistance value. An integrated surface substrate is provided and a low resistive layer 
is formed defining an upper capacitor electrode in a first region of the integrated 
30 circuit substrate and a low resistive layer of the resistor partem in a second region of 
the integrated circuit substrate displaced from the first region. An insulating layer is 
formed on the upper capacitor electrode and on the low resistive layer of the resistor 
pattern opposite the integrated circuit substrate. A high resistive layer is formed on 
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the insulating layer on the upper capacitor electrode and on the low resistive layer of 
the resistor pattern opposite the low resistive layer. The low resistive layer, the 
insulating layer and the high resistive layer are formed through a single 
photolithography process using a common mask. 
5 The high resistive layer may have a specific resistance of at least about a 

hundred nD«cm. A metal contact may be formed to the upper capacitor electrode and 
a metal contact may be formed to the high resistive layer of the resistor pattern using a 
two photo mask process. The integrated circuit device may be an integrated circuit 
memory device having a junction region and the two photo mask process may further 
10 include forming a metal contact to the junction region. 

In further embodiments of the present invention, the steps of forming the low 
resistive layer, the insulating layer and the high resistive layer may include depositing 
the low resistive layer over the entire surface of at least a portion of the integrated 
circuit substrate including the first region and the second region. The insulating layer 
1 5 may be deposited on the low resistive layer and the high resistive layer deposited on 
the insulating layer. The low resistive layer, the insulating layer and the high resistive 
layer may then be patterned to form the upper capacitor electrode in the first region 
and the resistor pattern in the second region of the integrated circuit substrate. The 
integrated circuit device may be an integrated circuit memory device and the first 
20 region may be a cell region of the integrated circuit memory device and the second 
region may be a periphery region of the integrated circuit memory device. 

In other embodiments of the present invention, resistor patterns are provided 
for an integrated circuit memory device having a capacitor. The resistor patterns 
include an integrated circuit substrate and a low resistive layer formed on the 
25 integrated circuit substrate. The low resistive layer defines an upper capacitor 

electrode of the capacitor and a low resistive layer of the resistor pattern in a region of 
the integrated circuit substrate displaced from the upper capacitor electrode. An 
insulating layer is formed on the upper capacitor electrode and the low resistive layer 
of the resistor pattern. A high resistive layer is formed on the insulating layer. Tthe 
30 low resistive layer, the insulating layer and the high resistive layer define the resistor 
pattern in the region of the integrated circuit substrate displaced from the upper 
capacitor electrode; In various embodiments, the high resistive layer has a specific 
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resistance of at least a hundred nQ«cm or of at least a thousand jjjOcm. The high 
resistive layer may be a doped polysilicon layer. 

In further embodiments of the present invention, methods are provided of 
forming a resistor pattern in a semiconductor memory device having a capacitor. An 
5 integrated circuit substrate is provided including a cell region and a periphery region, 
the cell region including a first cell region and a second cell region. A low resistive 
material layer is deposited over all of a region of the semiconductor substrate 
including the cell region and the periphery region. An insulating material layer is 
deposited on the low resistive material layer and a high resistive material layer is 

10 deposited on the insulating layer. The low resistive material layer, the insulating 
material layer and the high resistive material layer are patterned to form a low 
resistive layer, an insulating layer and a high resistive layer, respectively, over the first 
cell region and the periphery region of the integrated circuit substrate. A TiN layer 
may also be deposited on the low resistive layer and an under insulating layer may be 

1 5 formed on the entire surface of the integrated circuit substrate. 

In yet further embodiments of the present invention, methods of forming 
metal contacts of a resistor pattern for use in an integrated circuit memory device 
having a capacitor are provided. An integrated circuit substrate is provided. The 
integrated circuit substrate includes a cell region and a periphery region. The cell 

20 region includes a first cell region and a second cell region. The first cell region 
includes a first low resistive layer, a first insulating layer and a first high resistive 
layer that are sequentially stacked. The second cell region includes a conductive layer. 
The periphery region includes the resistor pattern. The resistor pattern includes a 
second low resistive layer, a second insulating layer and a second high resistive layer 

25 that are sequentially stacked. A planarization layer is formed over all of a surface of 
the integrated circuit substrate in at least a region including the cell region and the 
periphery region. First to third metal contacts are formed. The first metal contact is 
formed in the first cell region and exposes a portion of the first low resistive layer. 
The second metal contact is formed in the second cell region and exposes a portion of 

30 the conductive layer. The third metal contact is formed in the periphery region and 
exposes a portion of the second high resistive layer. The first metal contact may be 
formed using a first mask and the second metal contact and the third metal contact 
may be formed using a second mask. In alternative embodiments, the first metal 
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contact and the second metal contact may be formed using a first mask and the third 
metal contact may be formed using a second mask. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Other features of the present invention will be more readily understood from 

the following detailed description of the invention when read in conjunction with the 
. accompanying drawings, in which: 

FIG. 1 is a cross-sectional schematic view illustrating a resistor pattern for use 
in an integrated circuit (semiconductor) device according to the prior art; 
10 FIG. 2 is a cross-sectional schematic view illustrating a resistor pattern 

according to embodiments of the present invention; 

FIGs. 3 A to 3D are cross-sectional schematic views illustrating methods for 
forming a metal contact of an integrated circuit memory device having a resistor 
pattern according to embodiments of the present invention; 
15 FIGs. 4A to 4D are cross-sectional schematic views illustrating methods for 

forming a metal contact of an integrated circuit memory device having a resistor 
pattern according to other embodiments of the present invention; and 

FIG. 5 is a cross-sectional schematic view illustrating a resistor pattern 
according to other embodiments of the present invention. 

20 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention now will be described more fully hereinafter with 
reference to the accompanying drawings, in which preferred embodiments of the 
invention are shown. This invention may, however, be embodied in many different 

25 forms and should not be construed as limited to the embodiments set forth herein. 
Rather, these embodiments are provided so that this disclosure will be thorough and 
complete, and will fully convey the scope of the invention to those skilled in the art. 
In the drawings, the relative sizes of regions may be exaggerated for clarity. It will be 
understood that when an element such as a layer, region or substrate is referred to as 

30 being "on" another element, it can be directly on the other element or intervening 
elements may also be present. In contrast, when an element is referred to as being 
"directly on" another element, there are no intervening elements present. Moreover, 
each embodiment described and illustrated herein includes its complementary 
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conductivity type embodiment as well. Terms used herein are to be given their 
ordinary meaning unless explicitly defined otherwise herein. 

Methods for forming an integrated circuit device including a resistor pattern 
having a desired resistance value in accordance with embodiments of the present 
5 invention will now be described with reference to FIGs. 2-5. FIG. 2 is a cross- 
sectional schematic view illustrating a resistor pattern according to the embodiments 
of the present invention. As shown in FIG. 2, the resistor pattern includes a low 
resistive layer 21 (compared to layer 23), formed by depositing a low resistive 
material on an integrated circuit (semiconductor) substrate 20, an insulating layer 22 

1 0 formed on the low resistive layer 2 1 , and a high resistive layer 23 (compared to the 
layer 21) formed on the insulating layer 22. 

By way of example, for an integrated circuit memory device as illustrated, for 
example, in FIG. 3 A, the low resistive layer 21 may serve as an upper capacitor 
electrode formed from a low resistive material having a specific resistance of several 

15 to hundreds of ^iQ«cm, more particularly, preferably less than one hundred jiQ*cm. 
Examples of such material include, but are not limited to, materials such as ruthenium 
(Ru), platinum (Pt), ruthenium oxide (Ru0 2 ), iridium (Ir), iridium oxide (Ir0 2 ), 
tungsten (W), aluminum (Al), copper (Cu), titanium nitride (TiN), tantalum nitride 
(TaN) and/or tungsten nitride (WN). The insulating layer 22 may be made of one or 

20 more of a variety of insulating materials including, but not limited to, SiC>2, Ta 2 Os, 
AI2O3, or Si 3 N 4 . The high resistive layer 23, in various embodiments, is a doped 
polysilicon. The doped polysilicon may have a specific resistance of at least a 
hundred jiQ^em or, in other embodiments of at least one hundred )of>cm. The low 
resistive layer 21, the insulating layer 22 and the high resistive layer 23 can have a 

25 single- or a multi-layered structure. 

A method of forming the resistor pattern having such a structure will now be 
further described. The low resistive layer 21, the insulating layer 22 and the high 
resistive layer 23 are sequentially deposited over the entire surface of at least a portion 
of the integrated circuit substrate 20 including the region including the resistor pattern 

30 and an upper capacitor electrode of the integrated circuit device. While not described 
herein, it will be understood by those of skill in the art that a corresponding lower 
capacitor electrode and a dielectric layer are previously formed on the integrated 
circuit substrate. 
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The low resistive layer 21, the insulating layer 22 and the high resistive layer 
23 are, preferably, simultaneously (for both the upper capacitor electrode and the 
resistor pattern) patterned using a mask to form the upper capacitor electrode. Thus, 
the upper capacitor electrode (i.e., low resistive layer), the insulating layer and the 
high resistive layer are formed on a cell region including the capacitor and on a 
periphery region of the integrated circuit substrate, where the low resistive layer 
defines part of the structure of the resistor pattern, respectively. As a result, the 
resistor pattern may be formed in the periphery region at the same time as the upper 
capacitor electrode is formed over the cell region. 

The insulating layer 22 limits or blocks electrical current from flowing to the 
low resistive layer 21 from the high resistive layer 23. As a result, the current flows 
primarily along the high resistive layer 23 and the effective resistance may be 
predominantly determined based on the resistance of the high resistance layer 23. 
This may facilitate providing a resistor pattern having a relatively high desired 
resistance value. 

FIG. 5 is a cross-sectional schematic view illustrating a resistor pattern 
according to other embodiments of the present invention. As shown in FIG. 5, a low 
resistive layer 61, a TiN layer 62, an insulating layer 63 and a high resistive layer 64 
are sequentially formed on an integrated circuit substrate 60. The low resistive layer 
61, the insulating layer 63, and the high resistive layer 64 are substantially identical to 
the corresponding elements described previously with reference to FIG. 2 and will not 
be further described herein. The TiN layer 62 may be used to improve an adhesive 
force between the low resistive layer 61 and the insulating layer 63. 

A process of forming a metal contact of a semiconductor memory device 
having a resistor pattern, as described with reference to FIGs. 2 and 5, according to 
embodiments of the present invention will now be described with reference to FIGs. 
3A to 3D. FIGs. 3A to 3D are cross-sectional schematic views illustrating an 
integrated circuit device at various stages of the manufacturing process. As shown in 
FIG. 3 A, an integrated circuit substrate 30 is provided. The integrated circuit 
substrate 30 includes a cell region 30a and a periphery region 30b. The cell region 
30a includes a first cell region 30al and a second cell region 30a2. A capacitor is 
formed on the first cell region 30al, and a junction region 31 (such as a source and/or 
drain region) is formed on the second cell region 30a2. 
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An under layer 32 is formed on the entire surface of the integrated substrate 30 
as illustrated in FIG. 3 A, An interlayer insulating layer or a planarization layer can be 
used as the under layer 32. A low resistive layer 33-1, an insulating layer 34-1, and a 
high resistive layer 35-1 are sequentially formed on a portion of the under layer 32 
5 corresponding to the first cell region 30al . The low resistive layer 33-1 in the first 
cell region 30al may be, for example, an upper capacitor electrode. While not 
described herein, it will be understood that a lower capacitor electrode and a dielectric 
layer may be formed under the low resistive layer 33-1 upper capacitor electrode to 
define the capacitor. 

1 0 A resistor pattern R is formed on a portion of the under layer 32 over the 

periphery region 30b of the integrated circuit substrate 30. As shown in FIG. 3 A, the 
resistor pattern R includes a low resistive layer 33-2, an insulating layer 34-2, and a 
high resistive layer 35-2, which are sequentially stacked. 

The high resistive layers 35-1 and 35-2 may be made of a material having a 

1 5 specific resistance of hundreds to thousands of iift«cm such as a doped polysilicon. 
In various embodiments of the present invention, the high resistive layers 35-1 and 35- 
2 are made of a material having a specific resistance of at least one hundred or at least 
one thousand u£>cm. The low resistive layers 33-1 and 33-2 may be made of a low 
resistive material having a specific resistance of several to hundreds of u£>cm, and, 

20 preferably less than one hundred u£>cm,. Examples of suitable materials for the low 
resistive layers include ruthenium (Ru), platinum (Pt), ruthenium oxide (Ru0 2 ), 
iridium (Ir), iridium oxide Q1O2), tungsten (W), aluminum (Al), copper (Cu), titanium 
nitride (TiN), tantalum nitride (TaN) and/or tungsten nitride (WN). The insulating 
layers 34-1 and 34-2 may be made of an insulating material, such as SiCb, Ta 2 0 5 , 

25 A1 2 0 3 , or Si 3 N 4 . The low resistive layers 33-1 and 33-2, the insulating layers 34-1 and 
34-2 and the high resistive layers 35-1 and 35-2 can have a single- or a multi-layered 
structure. Furthermore, the low resistive layer 33-1, the insulating layer 34-1 and the 
high resistive layer 35-1 formed over the first cell region 30al and the low resistive 
layer 33-2, the insulating layer 34-2 and the high resistive layer 35-2 formed over the 

30 periphery region 30b may be concurrently formed through a single photolithography 
process, whereby an additional mask is not required. A planarization layer 36 made, 
for example, of an oxide layer, may be formed over the whole surface of the integrated 
circuit substrate 30 in the cell region and the periphery region. 
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Referring now to FIG. 3B, a first mask 37 is arranged on the planarization 
layer 36. The first mask 37 includes an opening portion exposing a portion of the 
planarization layer 36 over the first cell region 30al . A portion of the planarization 
layer 36, a portion of the insulating layer 34-1 and a portion of the high resistive layer 
5 35-1 corresponding to the opening portion of the first mask 37 are concurrently etched 
using the first mask 37 to form a metal contact hole 38-1. The metal contact hole 38-1 
exposes a portion of the low resistive layer defining the upper capacitor electrode 33-1 
and may then be filled with a metal to form a metal contact to the upper capacitor 
electrode 33-1. The first mask 37 may then be removed. 

10 As shown in FIG. 3C, a second mask 39 is subsequently arranged on the 

planarization layer 36. The second mask 39 includes opening portions exposing 
portions of the planarization layer 36 over the second cell region 30a2 and the 
periphery region 30b. A portion of the under layer 32 and a portion of the 
planarization layer 36 over the second cell region 30a2 and a portion of the 

15 planarization layer 36 on the high resistive layer 35-2 are etched to form metal contact 
holes 38-2 and 38-3, respectively. As a result, the metal contact holes 38-2 and 38-3, 
each having a different depth, may be formed by etching the under layer 32 and the 
planarization layer 36 using an etching process having a selectivity against the 
polysilicon layer 35-2 to provide less depth to the metal contact deposited in the metal 

20 contact hole 38-3. Therefore, the process may be carried out for metal contacts 
formed in both of these metal contact holes without requiring an additional photo 
mask process. The metal contact hole 38-2 exposes a portion of the junction region 
3 1 and the metal contact hole 38-3 exposes a portion of the high resistive layer 35-2 of 
the resistor pattern R. Thereafter, the second mask 39 may be removed as shown in 

25 FIG. 3D. 

As described above, the upper capacitor electrode 33-1 and the resistor pattern 
R may be concurrently or simultaneously formed using a single mask without an 
additional mask. The upper capacitor electrode 33- 1 , the junction region 3 1 and the 
high resistive layer 35-2 may also be separately connected to a metal line that may be 
30 formed in subsequent process, not described herein, through corresponding metal 
contacts in the metal contact holes 38-1 to 38-3. As a result, operation of the 
capacitor can be provided while, at the same time, the resistor pattern R can provide a 
desired, relatively high resistance value, based substantially on the specific resistance 
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of the high resistive layer 35-2 despite the presence of the low resistive layer 33-2. 
Furthermore, even though the insulating layer is interposed between the high resistive 
layer and the low resistive layer, the method of forming a metal contact according to 
the embodiments of the present invention described above maybe performed using 

two photo mask processes. 

A process of forming a metal contact of a semiconductor memory device 
having a resistor pattern, as described with reference to FIGs. 2 and 5, according to 
further embodiments of the present invention will now be described with reference to 
FIGs: 4A to 4D. FIGs. 4A to 4D are cross-sectional schematic views illustrating an 
integrated circuit device at various stages of the manufacturing process. As shown in 
FIG. 4A, an integrated circuit substrate 40 is provided. The integrated circuit 
substrate 40 includes a cell region 40a and a periphery region 40b. The cell region 
40a includes a first cell region 40al and a second cell region 40a2. A capacitor is 
formed on the first cell region 40al, and a junction region 41 (such as a source and/or 
drain region) is formed on the second cell region 40a2. 

An under layer 42 is formed on the entire surface of the semiconductor 
substrate 40. An interlayer insulating layer or a planarization layer can be used as the 
under layer 42. A low resistive layer 43-1, an insulating layer 44-1, and a high 
resistive layer 45-1 are sequentially formed on a portion of the under layer 42 
corresponding to the first cell region 40al. The low resistive layer 43-1 in the first 
cell region 40al maybe used as an upper capacitor electrode and, while not described 
herein, it will be understood that a lower capacitor electrode and a dielectric layer are, 
in such a case, formed under the low resistive layer 43-1 defining the upper capacitor 
electrode. 

A resistor pattern R is formed on a portion of the under layer 42 over the 
periphery region 40b of the semiconductor substrate 40. The resistor pattern R 
includes a low resistive layer 43-2, an insulating layer 44-2, and a high resistive layer 
45-2 which are sequentially stacked. Each of the materials in the layers 43, 44, 45 
may be as described for the correspondingly numbered layers 33, 34, 35 described 
with reference to FIGs. 3A-3D and will not be further described herein. 

The low resistive layer 43-1, the insulating layers 44-1 and the high resistive 
layers 45-1. formed over the first cell region 40al and the low resistive layer 43-2, the 
insulating layers 44-2 and the high resistive layers 45-2 formed over the periphery 
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region 40b may be concurrently (or even simultaneously) formed through a single 
photolithography process, whereby an additional mask is not required. A 
planarization layer 46, for example, made of an oxide layer, may be formed over the 
whole surface of the integrated circuit substrate 40. s 

Subsequently, as shown in FIG. 4B, a first mask 47 is arranged on the 
planarization layer 46. The first mask 47 includes opening portions exposing portions 
of the planarization layer 46 over the first and second cell regions 40al and 40a2. A 
portion of the planarization layer 46, a portion of the insulating layer 44-1 and a 
portion of the high resistive layer 45-1 corresponding to the opening portion of the 
first mask 47 over the first cell region 40al, and a portion of the planarization layer 46 
and a portion of the under layer corresponding to the opening portion of the first mask 
47 over the second cell region 40a2 are concurrently etched using the first mask 47 to 
form the metal contact holes 48-1 and 48-2 in which metal may be deposited to form 
corresponding metal contacts. The first mask 47 may then be removed. 

To allow different depths for the metal contacts formed in the metal contact 
holes 48-1 and 48-2, the portions of the planarization layer 46 over the first and 
second cell regions 40al and 40a2 may be etched, and, then, the high resistive layer 
45-1 maybe etched using an etching gas for a polysilicon layer. The insulating layer 
44-1 may then be etched using an etching gas for an oxide layer. Finally, the portion 
of the under layer 42 and the remaining portion of the planarization layer 46 over the 
second cell region 40a2 may be etched to different depths using an etching selected 
based on the material of the low resistive layer 43-1 to provide less depth for the metal 
contact in the metal contact hole 48-1 . As a result, the metal contact holes 48-1 and 
48-2 are formed at the same time to different depths without requiring an additional 
photo mask process. The metal contact hole 48-1 exposes a portion of the low 
resistive layer or upper capacitor electrode 43-1. The metal contact hole 48-2 exposes 
a portion of the j unction region 41. 

As shown in FIG. 4C, a second mask 49 is arranged on the planarization 46. 
The second mask 49 includes an opening portion exposing a portion of the 
planarization over the peripheral region 40b. A portion of the planarization layer 46 
over the high resistive layer 35-2 is etched to form the metal contact hole 48-3, 
whereby the metal contact hole 48-3 exposes a portion of the high resistive layer 45-2. 
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of the resistor pattern R. The second mask 49 may then be removed as shown in FIG. 
4D. 

As described above, the upper capacitor electrode 43-1 and the resistor pattern 
R may be concurrently or simultaneously formed using a single mask without 
requiring an additional mask. 

The upper capacitor electrode 43-1 , the junction region 41 and the high 
resistive layer 45-2 may be separately connected to a metal line formed in subsequent 
process through the corresponding metal contacts formed in the metal contact holes 
48-1 to 48-3. Thus, as described with reference to the embodiments of FIGs. 3A-3D 
and 4A-4D, operation of the capacitor can be provided while, at the same time, the 
resistor pattern R can be provided a desired, relatively high resistance value, based 
substantially on the specific resistance of the high resistive layer 35-2, 45-2 despite the 
presence of the low resistive layer 33-2, 43-2. Furthermore, even though the 
insulating layer is interposed between the high resistive layer and the low resistive 
layer, the method of forming the metal contact according to the embodiments of the 
present invention described above may be performed using two photo mask processes. 

While described with reference to a particular integrated circuit device 
structure in FIGs 3 A-3D and 4A-4D, it is to be understood that the present invention 
may be applied to other structures as well. For example, instead of the junction 
regions 31 and 41, a conductive layer, such as a bit line or a word line, could be 
formed on the second cell region 30a2 and 40a2. In such embodiments, the metal 
contact can be formed without an additional mask process. 

As described above, the present invention may provide a resistor pattern that 
includes an insulating layer sandwiched between the high resistive layer and the low 
resistive layer (or upper capacitor electrode material layer). Such a structure may 
provide a high resistance value based on the specific resistance of the high resistive 
layer despite the presence of the low resistive layer adjacent thereto. Furthermore, 
even though the insulating layer is interposed between the high resistive layer and the 
low resistive layer, an additional photolithography process need not be used in 
forming the resistor pattern. Furthermore, metal contacts having different depth can 
be formed for the integrated circuit device without requiring an additional mask 
process. 



13 



Attorney Docket No. 5649-962 

It should be noted that many variations and modifications can be made to the 
embodiments described above without substantially departing from the principles of 
the present invention. All such variations and modifications are intended to be 
included herein within the scope of the present invention, as set forth in the following 
claims. 
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